Abstract. Very few data have been reported on the epidemiology and clinical features of leprosy reactions in non-endemic settings. We performed a retrospective descriptive analysis to define the frequency and features of Type 1 and Type 2 leprosy reactions in a cohort of patients followed at a US travel and tropical medicine clinic in a 5-year period. We identified that leprosy reactions presented in 10/14 (71.4%) patients with leprosy seen at our clinic. We identified that leprosy reactions occur frequently among patients living in non-endemic areas and may occur before the initiation of multi-drug therapy (MDT), during MDT, or even years after completion of therapy and may produce significant neurologic sequelae. This group of patients needs long-term clinical monitoring even after completion of MDT because of the need to continue either anti-inflammatory therapy, presence of severe neurologic sequelae after reactions, or the potential occurrence of late leprosy reactions.
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Although the worldwide prevalence of Hansen disease (HD) has decreased in the era of multi-drug therapy (MDT), the global incidence of leprosy remains the same, while the number of annual reported cases in the United States increased by 22% in 2005, suggesting that HD will remain a clinical and public health issue for the foreseeable future. [1] [2] [3] [4] The World Health Organization guidelines have simplified the diagnosis and management of uncomplicated HD. However, the recognition and care of complex patients is challenging because the pathogenesis of leprosy is still unclear in many aspects. Chief among these are leprosy reactions, which have been reported to occur in 25-50% of HD patients in regions with a high prevalence of HD. Outside these areas, the frequency and severity of leprosy reactions, both Type 1 or reversal reaction and Type 2 or erythema nodosum leprosum, have not been well characterized in the MDT era. By promoting nerve damage, leprosy reactions contribute significantly to the accompanying disability and deformity associated to leprosy. We were interested in evaluating the frequency and outcome of leprosy reactions in HD patients seeking medical care in a US travel and tropical medicine clinic.
We retrospectively examined our experience with HD reactions over a 5-year period (January 2002 to March 2008). Medical records of patients with HD seen in Emory University's TravelWell Clinic were systematically reviewed to assess the frequency and outcomes of leprosy reactions. Variables collected included age, sex, ethnicity, country of origin, age at diagnosis, start and end dates of MDT, dates of reaction, and reaction treatment. Categorical variables were assessed with frequencies, and numeric variables were described using mean, median, and range. The protocol was approved by the Emory Institutional Review Board.
Of the 563 patients seen in TravelWell for post-travel clinic visits from January 2002 to 2007, 14 (2.4%) had HD (Table 1) . Historically, our clinic has served as a referral center for tropical infectious diseases and HD patients in Georgia. In fact, 12 of the 14 patients with HD were referred to our clinic from other clinical sites; 2 of the 14 patients were self-referred by word of mouth in the community. All patients referred by other clinics were already been diagnosed with HD by clinical findings and biopsy criteria. Seven of these patients were referred to our clinic by dermatologists and two by neurologists in Georgia; the other three patients were directly referred to us by the National Hansen Disease Program (NHDP) in the United States because these three patients lived in Georgia. In our clinic, we were responsible for confirming a diagnosis of leprosy in only the two self-referred patients. However, in our clinic, we were responsible for supervising MDT or managed leprosy reactions in 13 patients in coordination with the NHDP medical officer (only 1 patient had already completed a full course of MDT in Brazil).
Among patients with HD see in our clinic, 10/14 (71%) were men. The median age at presentation to the TravelWell Clinic was 47.1 years, and median age at diagnosis was 39 years. Diagnosis of HD was established in all patients by clinical diagnostic criteria using the 1997 case definition and by the demonstration of acid-fast bacilli in full-thickness skin punch biopsy (Table 1) . Skin biopsies were done on initial exam and at the end of treatment to document microbiological improvement. By using the Ridley-Jopling classification, six patients (42.8%) were classified as having lepromatous forms (LL), two patients presented with borderline lepromatous (BL) forms (14.3%), one patient (7.1%) presented with the borderline borderline (BB) form, one (7.1%) with the tuberculoid form (TT), and the remaining presented with borderline tuberculoid (BT) forms (28.6%; Table 1 ). Bacterial index was estimated in only six patients at the initial diagnosis and was categorized as > 2+ in four patients with either borderline or lepromatous forms and < 2+ in the one patient with TT.
Most patients originated from Brazil (50%), followed by Mexico (14%), with one patient each from Somalia, Trinidad and Tobago, India, the United States, and Vietnam (Table 1) . Of the seven patients from Brazil, three came from a single family consisting of two parents and a son. All patients were treated with standard MDT options for an average of 2 years for multibacillary forms (BT, BB, BL, and LL) and 6 months for the case of TT; second-line therapy was used in three cases because of drug toxicity or resistance.
Reactions occurred in 10 (71.4%) of patients, of which 5 (50%) were Type 1 and five were Type 2 (50%). The diagnosis of reactions was clinical in all patients and confirmed by biopsy in only 6/10 patients: in four patients with Type 2 reaction and in two patients with Type 1 reaction. In these two patients with Type 1 reactions and prior history of treated BT disease, comparisons with previous biopsies were made. Both cases were considered as having late Type 1 reactions because of new skin findings, histopathologic changes, and evidence of neuritis (Table 1) . Type 1 reactions presented in three patients with BT and one patient with BL. Type 2 reactions presented in four patients with LL and one patient with BL.
Reactions occurred before the use of MDT in three patients (30%), during MDT in five patients (50%), or after completion of MDT in two patients (20%). The median time from initiation of MDT to onset of reaction was 16.2 months. Of note, only four patients, two with Type 1 reaction and two with Type 2 reactions, were diagnosed with these reactions before our initial evaluation and were already receiving therapy for these reactions. The other six patients with reactions were diagnosed in our clinic at the time of the initial evaluation, and during follow-up (Table 1) . One patient with Type 1 reaction and one patient with Type 2 reaction who presented with these reactions before initiation of MDT had significant peripheral nerve deficits.
All patients with Type 1 reactions were treated with prednisone. Patients with Type 2 reactions were also treated with prednisone, but three (60%) patients with Type 2 reactions required both thalidomide and prednisone to control the reaction. Of these, one patient with BL became pregnant during MDT and subsequently developed a Type 2 reaction in the postpartum period that was successfully treated with thalidomide and prednisone. Corticosteroid use lasting > 6 months was required in four (40%) patients with reactions, with an average daily prednisone dose of 30 mg. Most patients with either Type 1 or Type 2 reactions have required long-term medical follow-up to manage complications associated with permanent neurologic sequelae such as foot drop in 2/10 (20%) and significant sensory loss in lower extremity limbs in 6/10 (60%). One patient developed foot ulcers that required surgical debridement and antibiotic therapy.
DISCUSSION
According to the most recent data from the National Hansen's Program in the United States, 75% (125 of 166 cases of HD in 2005) were recorded in foreign-born individuals.
2 Of these, the majority were recorded in individuals born in Mexico, Brazil, Philippines, Dominican Republic, and India. In addition, some autochthonous cases have also been recognized in the United States, particularly in the western Gulf of Mexico, Hawaii, and Puerto Rico. 2 We identified that in our population by national origin, the majority of HD cases presented in individuals from Brazil, followed by patients from Mexico.
Both Type 1 and Type 2 reactions can occur anytime within the course of leprosy but are often observed after starting treatment and are considered medical emergencies because they can result in irreversible nerve damage. 3 The incidence of Type 1 and Type 2 reactions in endemic areas has been well described. [5] [6] [7] [8] [9] [10] [11] Other possible risk factors for Type 1 reactions include age at diagnosis of HD, World Health Organization classification, positive bacillary index, pregnancy, or puberty. 3, 4 Type 1 reactions are generally heralded by increasing swelling, erythema, and tenderness in skin lesions accompanied by increased neuritis associated with pain and loss of function. Type 2 reaction, which occurs in lepromatous leprosy, can also be precipitated by vaccination, tuberculin skin testing, or other immune system stimulants. 3 It generally presents with crops of new tender subcutaneous nodules and may be associated with fever, arthralgias, and occasionally vasculitis, adenopathy, orchitis, and dactylitis.
In this retrospective study, we found that leprosy reactions occur frequently in our cohort of patients with equal amounts of Type 1 and Type 2 reactions. This may reflect a selection bias in a non-endemic area because sicker patients will seek medical care more frequently. For example, in a 14-year French study of leprosy treatment, 22/67 patients developed reversal reactions, and 18/67 developed Type 2 reaction after an average of 15 months on MDT. 12 The diagnosis of Type 2 reactions was clinical and most patients required long-term corticosteroid therapy. This mirrors the experience from an 11-year study from India, where flares lasted a mean of 16.9 months and required an average of 222 mg of prednisone per month among 55/116 patients. 5 With increasing global migration, HD should be considered an increasingly relevant infectious disease in many areas of the world including the United States. 5, [12] [13] [14] HD is often complicated by reactions, often requiring chronic corticosteroid therapy. We can conclude from our clinical experience at a US travel and tropical medicine clinic that leprosy reactions represent a significant source of morbidity in patients with HD. Furthermore, leprosy reactions may be more common than previously thought among patients living in non-endemic areas and may occur before the initiation of MDT, during MDT, or even years after completion of therapy. Indeed, patients who have suffered a leprosy reaction require longterm medical monitoring and supportive therapy with rehabilitation and physical therapy. Similarly, we suggest longterm follow-up of individuals who have successfully completed appropriate MDT regimens for the potential occurrence of late reactions as seen in two of our patients. Further research into the epidemiology, pathogenesis, and optimal clinical management of reactions is urgently needed.
